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Alcohol consumption in Dundee primigravidas and its effects on
outcome of pregnancy

NABEEL D SULAIMAN, C DU V FLOREY, D J TAYLOR, S A OGSTON

Abstract

In a population based cohort study information on the consump-
tion of alcohol was obtained from 95% of the 952 consecutive
primigravidas who lived in the Dundee district and attended for
antenatal care between May 1985 and April 1986. Before realising
that they were pregnant more than 90% drank alcohol and 53%
were cigarette smokers. During the first four months of preg-
nancy, however, the proportion ofwomen drinking and smoking
fell to 56% and 44%, respectively. Alcohol consumption of more
than 120 g absolute alcohol/week (12 or more standard drinks)
during pregnancy was related to shorter gestational age (-2-6
weeks), smaller head circumference (-18 mm), shorter (-21
mm) and lighter (-499 g) babies, and lower Apgar scores at five
minutes (-0.4, all p<001). After adjustment for the effect of
smoking, social class, mother's size, and other confounding
factors, however, an alcohol intake of more than 120 g/week was
significantly related only to shorter gestational age (-2-0 weeks,
p<0001) and lower Apgar score at five minutes (-0.2, p<O0O5).
Alcohol intake in the region of 100-119 g/week was significantly
related to smaller head circumference (-12 mm, p<005).
Analysis by type of beverage consumed suggested that beer
rather than wine or spirits was associated with a poorer outcome.
As there was no detectable effect on pregnancy of alcohol

consumption below 100 g/week, it is suggested that health
education should be directed towards mothers who drink more
than this amount.

Introduction

Interest in the effects of maternal alcohol consumption on the fetus
has grown since the publication ofa description ofthe morphological
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features of the fetal alcohol syndrome. These features include
growth retardation, mental retardation, and a characteristic facial
appearance, in addition to systemic anomalies. There now seems to
be little doubt that excessive drinking throughout pregnancy gives
rise to the fetal alcohol syndrome in some women's offspring. The
question of how much social or moderate drinking is safe, however,
has yet to be answered satisfactorily. Some studies have shown fairly
low consumption to have adverse effects on birth weight,2-4 spon-
taneous abortion,56 stillbirths,7 and neonatal behaviour,8 whereas
others, in different populations and with different techniques, have
found no important effect.9'0 The overall conclusion from these
studies is that the effect of a mother's social drinking during
pregnancy on her offspring is at most limited.

This study's main aim was to estimate the level of alcohol
consumption at which an adverse effect on the outcome of
pregnancy is detectable. We investigated the effect of different
levels of alcohol consumption both before and during pregnancy on
various outcome measures in a cohort of primigravidas.

Subjects and methods
The sample consisted of all primigravidas living in Dundee district whose

first antenatal visit fell between 1 May 1985 and 30 April 1986. Dundee is
served by only three antenatal clinics, and all women are delivered in this
hospital. The sample was thus determined by the population, with no
appreciable private obstetric care or cross boundary flow to other care
systems.
The size of the sample was estimated, based on the expected differences in

birth weight between the offspring of abstainers and those of drinkers.
Assuming a 1:4 ratio of the size of these two groups, a sample size of 800
would allow a true difference of 100 g at the 5% level of significance to be
detected with 80% power.
The mothers were informed of the nature of the study and invited to take

part at their first antenatal visit. For organisational reasons the mothers
were interviewed at their next visit (commonly at 16 weeks) to obtain
demographic data and a history of beverage consumption and tobacco
smoking before and during pregnancy. The questions about alcohol were
included among those about coffee, tea, and soft drinks. An aliquot of
blood was included in the usual antenatal blood collection and used to
estimate blood alcohol concentration, y-glutamyltransferase activity, and
plasma thiocyanate concentration (a measure of beer drinking as well as of
cigarette smoking). The questions included the quantity, frequency, and
variability items from the questionnaires of Jessor et al,"I Cahalan et al,'2 and
A P Streissguth (personal communication). The answers were later converted
to the average amount of absolute alcohol in g consumed daily (1 ml
absolute alcohol=0-8 g; one standard drink~ 10 g absolute alcohol). Binge
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drinking during pregnancy was measured with Cahalan's volume variability
index'2 (H M Barr, personal communication).
At a second interview, during the first visit in the third trimester, the

mothers were asked about drinking and smoking habits since the previous
interview. Their dietary habits were estimated quantitatively during the
second interview with the Seattle questionnaire (A P Streissguth, personal
communication). This asked about how many servings in a typical day were

TABLE I-Sample size and response

No (%) of women

Sample:
Booked 952
Left area 9
Refused 13
Abortions 29

Completed first interviews 901 (94-6)

Second interviews:
Completed 830 (92-1)*
Lost (including miscarriages, stillbirths, those who left area) 71

Maternal and infant records:
Completed records: 865 (96 0)*

Singleton live births 846t
Twin live births 9
Stillbirths 10

Missing records: 36
Miscarriages 18
Left area 17
Mother died I

*Based on 901 completed first interviews.
tAnalyses related to outcome variables based on these 846 observations.

TABLE Ii-Number (percentage) of mothers by alcohol consumption before and during
pregnancy

Alcohol consumption
(gtweek) Before pregnancy Early pregnancy Late pregnancy

0 86 (10) 401 (45) 539 (65)
1- 429 (48) 427 (47) 274 (33)

50- 95 (11) 26 (3) 7 (1)
70- 120 (13) 28 (3) 5 (1)

100- 42 (5) 6 (1) 2 (0)
¢120 129 (14) 13 (1) 3 (0)

Total 901 (100) 901(100) 830* (100)

*Remaining 71 women were lost to second interview.

STATISTICAL METHODS

Zero order Pearsonian correlation coefficients were calculated between
alcohol consumption and various outcomes and confounding factors, and
the Spearman rank correlation was used to calculate the coefficients for the
sex of infants. Least squares multiple regression procedures were used to
determine the most highly correlated predictive and confounding factors for
seven quantitative outcome variables-namely, gestational age, placental
weight, birth weight, crown-heel length, occipitofrontal circumference, and
Apgar scores at one and five minutes. Logistic regression was used to
identify the predictors of two qualitative outcome variables-namely, mid-
trimester abortion and stillbirth rate. The relation was investigated
between each outcome variable and the mother's age, her alcohol and
cigarette consumption before and during early and late pregnancy, maternal
and paternal height, diet, drug ingestion, coffee drinking, and medical
conditions such as hypertension or diabetes during pregnancy. Gestational
age was used as a confounding variable in all the analyses except when it was
used as a dependent variable. The sex of the infant was included, as it is
strongly related to infant size.

Stepwise regression was used to screen all independent variables to
identify their contribution to each outcome. The significant predictors,
particularly the alcohol and smoking variables, were further analysed with
various user selected models. In these analyses the mother's social class was
coded into four indicator variables. The first was coded as 1 if the mother was
in social classes IIIM, IV, or V; otherwise the code was 0. Similarly, the
other three variables were coded 1 if the mother was unemployed, single,
and unclassifiable, respectively; otherwise they were coded 0. If the mother
came from social classes I, II, or IIINM all four variables were coded zero.
Each alcohol variable before and during early and late pregnancy was first
analysed as a continuous variable and then coded into four indicator
variables4 denoting alcohol consumption in the ranges of 1<50, 50<100,
100<120, and ¢ 120 g/week, corresponding to mild, moderate, heavy, and
very heavy drinking, respectively. If the mother was a non-drinker all four
variables were coded 0.

Results

Table I shows the number of respondents according to period of
observation. Over 90% response was obtained throughout the study. Table
II shows the drinking patterns before and during pregnancy. Before
pregnancy was recognised more than 90% of the mothers were drinking
some alcohol and about one fifth were drinking - 100 g absolute alcohol/week.
During the first four months of pregnancy, however, the proportion of
mothers still drinking had dropped to just over 55%, and only 1% were
drinking appreciable amounts of alcohol. The trend towards abstention
continued during the third trimester. There was no significant difference
between the drinking habits in early pregnancy of those who were
reinterviewed during the third trimester (n= 830) and thosewho were not (n=
71). When asked about their abstention or reduction in consumption a

TABLE iII-Number (percentage) ofmothers consuming alcohol, tobacco, and drugs atfirst interview by husband's social group

Social class

Armed forces Single or
I II III IV V and students Unemployed unclassified

(n=31) (n=103) (n=284) (n=104) (n=55) (n=17) (n=211) (n=96*)

Alcohol 18 (58) 56 (54) 156 (55) 70 (67) 31(56) 9 (53) 99 (47) 61(64)
Tobacco 1 (3) 23 (22) 102 (36) 49 (47) 26 (47) 6 (35) 124 (59) 64 (67)
Drugs 0 1 (1) 2 (1) 0 0 0 8 (4) 4 (4)

*Of these, 90 were single mothers.

taken of dairy products, high protein food, fruit and vegetables, and cereal.
Most of the interviews (88% of the first and 74% of the second) were
performed by a trained, non-smoking, female fieldworker in her 40s who
was a social drinker.

Finally, information was collected about the progress and outcome of the
pregnancy from the mothers' and infants' hospital records. All births
occurred at this hospital, so it was possible to use a single electronic scale to
weigh every infant and placenta (Seca 727 Digital Baby Scale). The
gestational age at birth was calculated from a routine ultrasound examination
at around 18 weeks of gestation and by clinical assessment of the neonates
with Dubowitz's scoring method.'3 The two measures ofgestational age were
highly correlated (r=0 83); the first was used to maximise the number of
observations in the analyses.

subsample of over 230 mothers gave as their main reasons the baby's health,
nausea and vomiting, bad taste or smell, or both, and lack of opportunity.

Abstention from smoking showed much less change. Before pregnancy
was recognised 47% of the sample were non-smokers. During the first and
third trimester abstention increased to 56% and 59%, respectively. Of the
quarter ofthe sample who smoked more than 15 cigarettes a day, almost 80%
smoked fewer cigarettes after finding out that they were pregnant.

Table III shows the relation between social class and consumption of
alcohol, tobacco, and illicit drugs during pregnancy. More than half of the
women in each class drank some alcohol during pregnancy except for those
whose husbands were unemployed. The largest proportion of drinkers was
in social class IV. There did not seem to be a consistent relation between
abstention and social class. There was, however, a continuous trend from
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classes I to V of increasing proportions of women who smoked during
pregnancy, and the unemployed and single mothers and unclassified group
smoked more than those in social class V. The reported use of illicit drugs
was very low and was concentrated among the unemployed and single
mothers and unclassified group.

Table IV shows the correlation coefficients between two measures out of
alcohol consumption, birth weight, gestational age, and confounding
factors. Cigarette smoking was clearly related to a lower birth weight.

REGRESSION ANALYSIS

Relations with alcohol consumption

Significant predictors of gestational age, occipitofrontal circumference,
and Apgar scores at five minutes are given for the alcohol variables entered
into regression analyses alone (table V) and with confounding factors
(table VI). For each independent variable in table VI two regression

four months of gestation was related to a poorer outcome. The consumption
of wine and spirits was not related to adverse outcome except for moderate
consumption of spirits before pregnancy was recognised, which had a weak
negative relation with placental weight. No significant relation was found
between binge drinking and any outcome variable.

Alcohol consumption during the second trimester and the beginning of
the third trimester, recorded at the second interview, was unrelated to any of
the outcomes.

Relations with other variables

Birth weight, crown-heel length, and occipitofrontal circumference were
all significantly related in the expected directions to cigarette smoking,
gestational age, and sex of the infants. Mother's height was positively related
to these outcomes, although in the case of occipitofrontal circumference it
did not reach significance. Both father's and mother's height were in-
dependently related to child's length. Matenal weight, independent of

TABLE IV-Correlation coefficients for alcohol consumption and selected variables

Infant Mother
(n=846) (n=901)

Alcohol
consumption

Gestational Birth during
age weight Sex Smoking Height Age pregnancy

Alcohol consumption:
Before pregnancy 0.01* 0 01* -0 03* 0 10*** 0 10*** 0 13*** 0 49***
During pregnancy -0-05* -0.04* 0.03* 0-16*** 0.05* 0-06*

Age 0.04* 0-07** -0 05* -0-14*** 0-12***
Height 0.05* 0 17*** 0.01* -0-12***
Smoking -0-1I*** -0-24*** -0.04*
Sext -0-01* -015***
Birth weight 0-60***

*p>00S; **p<0c05; ***p<0-0l.
tSpearman rank correlation coefficients. Other coefficients are zero order Pearsonian.

TABLE v-Regression coefficients (SE) offive outcome variables and their relation to alcohol consumption as reported atfirst interview

Occipitofrontal Apgar score at
Birth weight (g) Crown-heel length (mm) circumference (mm) Gestational age (weeks) five minutes

Consumption of alcohol (multiple R=0- 11*) (multiple R=0- 10) (multiple R=0- 16***) (multiple R=0- 16***) (multiple R=0- 14**)

Very heavy -499 (155)** -20-9 (7)** -18 3 (4.4)*** -2.56 (0.56)*** -0 4 (0.12)**
Heavy -109 (226) -9-3 (11) - 13.7(6-4)* -0-20(0-81) 0-06(0-16)
Moderate -9-5 (80) -1-1 (4) 1-8 (2-3) 0-09(0 29) 0-10(0 05)
Mild 4-2 (38) -0-2 (2) -0-4(1-1) 0-01(0-14) 0-04(0 02)
Constant 3277 (27)*** 5042 (1.3)*** 46-3 (0.8)*** 39-9 (0-09)*** 8-9 (0.02)***

95% Confidence limits=Regression coefficient± 1-96 (SE).
*p<O05; **p<OOl; ***p<0 OO1.

coefficients are given-the unstandardised (B) and the standardised (fi). The
standardised coefficient provides a sensible way of comparing the relative
effect on the dependent variable of each independent variable (Pyx=Byx
(S./Sy), where S is the standard deviation).

Before adjustment for confounding factors (table V) very heavy alcohol
consumption during the first four months of gestation was significantly
related to lighter (-499 g) and shorter (-20-9 mm) babies, smaller head
circumference (-18-3 mm), shorter gestational age (-2-56 weeks), and
lower Apgar scores at five minutes (-0 4; all p<001). In addition, heavy
consumption was related to smaller head circumference (- 13-7 mm;
p<0 05). After adjusting for confounding factors (table VI), heavy con-
sumption remained significantly related to smaller head circumference, and
very heavy consumption was still significantly related to shorter gestational
age and lower Apgar scores at five minutes. Mild consumption, however,
was related to higher Apgar scores at one minute (not shown), and moderate
consumption was related to higher Apgar scores at five minutes. Alcohol
consumption before pregnancy was recognised was weakly and negatively
associated with placental weight (p<005) but was not related to the
prevalence of stillbirth.
The regression analyses were repeated by type of beverage. Consumption

of wine, beer, and spirits both before and during pregnancy was analysed
with codings similar to those for total alcohol. Heavy and very heavy
consumption of beer before pregnancy was recognised and during the first

height, was positively related to gestational age, placental weight, and infant
size.

Social class was related to three outcome variables at the 10% level of
significance. Infants born to mothers in social classes IIIM, IV, and V had
lower placental weights and smaller head circumferences, and unemployed
mothers tended to have lighter babies compared with women in social classes
I to IIINM.
There was no relation between total alcohol consumption and y-

glutamyltransferase activity, confirming the findings of others, although
beer consumption was related to y-glutamyltransferase activity (r=0-08).
Only one mother had detectable concentrations of alcohol in her blood.
Serum thiocyanate concentration was related to beer consumption (r=0- 17)
and cigarette smoking during early pregnancy (r=0-73).

Discussion

This study is similar to other studies on this subject in many
respects, but it has several methodological advantages. Firstly,
Dundee is isolated geographically from other centres of obstetric
care, so the sample ofwomen that we obtained was population based
and less subject to the bias of samples selected where women can
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TABLE vI-Regression analysis of relation of gestational age, occipitofrontal
circumference, and Apgar scores at five minutes to significant (p<O 10) predictor
variables

95% Standardised
Regression Confidence regression

Independent variable coefficient interval coefficient Significance

Gestational age (weeks) (multiple R=0-3 1; p<OOOl)
Very heavy drinking -2 09 - 3 2 to -1 0 -0-13 p<OOOl
Placentapraevia -3 26 -5-1 to -1-4 -011 p<O001
Placental abruption -2-68 -3-6 to -1-7 -0-18 p<O001
Maternal weight 0 0 0-01 to 0-03 0 11 p<O OOl
Cigarettes (>l/day) -0 03 -0-05 to-0 01 -0-08 p<005

Occipitofrontal circumference (mm) (multiple R=0-69; p<01OOl)
Cigarettes (5-10/day) -2-9 -5 to -0-8 -0-07 p<OOl
Heavy drinking -12 4 -22 to -2-8 -0-06 p<005
Sex -6-1 -7 7 to -45 -0 19 p<OOOl
Gestational age 4-9 4-5 to 5-3 0 61 p<0001
Mother's weight 0-13 005 to 02 0-08 p<Ol01
Social class IIIM, IV, or V -2-1 -4-2 to 0-04 -0 05 p<O 10
Very heavy drinking -5.9 -12 6 to 0-8 -0 05 p<O 10

Apgar scores atfive minutes (multiple R=0 25; p<OOOl)
Very heavy drinking -0-23 -0-5 to -0-01 -0-07 p<OS05
Moderate drinking 0-13 0-01 to 0-24 0 07 p<OS05
Cigarettes (15-20/day) -0-15 -0 3 to -0-02 -0 07 p<OS05
Placental abruption -0-42 -0-6 to -0-2 -0-14 p<O001
Gestational age 0-02 0-01 to 0 03 0 10 p<Ol01
Mild drinking 0-06 0 01 to 0 11 0-07 p<005

choose between clinics taking part in the study and those outside it.
Secondly, because all women were delivered in the same place it was
possible to weigh the infants and the placentas on a single scale. To
improve accuracy an electronic scale, designed to give a steady
reading even when the child was moving, was used. Thirdly, for
most pregnancies gestation was assessed from routinely performed
ultrasound at about 18 weeks. We also recruited only primigravidas
to avoid problems arising from relations between parity and birth
weight and between birth order and neurodevelopment.
The relation we found between very heavy consumption of

alcohol and gestational age confirms the findings of others.'4'16 An
effect on head circumference has also been found by Davis et all7 and
Streissguth et al.'8 The relation between heavy and very heavy
drinking during pregnancy and lower Apgar scores is consistent
with the findings of Streissguth et al,'9 who observed a significant
association between lower Apgar scores at one minute (although not
at five minutes) at a level of alcohol consumption of two drinks or
more a day (equivalent to our category of very heavy drinking). On
the other hand, we found mild and moderate drinking significantly
associated with higher Apgar scores. We feel that these last findings
are likely to be due to chance, as such an effect cannot be explained
by current knowledge of the biological action of alcohol.
The relation between beer consumption before pregnancy and

smaller infant size should be interpreted with caution because only
seven women were very heavy drinkers during pregnancy and nine
women were heavy drinkers of beer before realising that they were
pregnant. Nevertheless, this finding of a possible harmful effect of
heavy or very heavy beer drinking on infant size supports the
findings of Kaminski et aFand Kuzma and Sokol.3 They postulated
several reasons for the differential effect of beer, including the
nitrosamine and thiocyanate content of beer, the differential
reporting of beer rather than wine or spirits, and that beer drinkers
came from lower social classes.
As our study has the advantages mentioned earlier, our results

may reflect more closely the real relation between social and heavy
drinking during pregnancy and the development of the offspring.
Our analyses have shown that only drinking more than 100 g
absolute alcohol/week is consistently associated with an adverse

outcome. From the 92% of our sample who were either non-
drinkers or consuming less than 50 g absolute alcohol/week we
conclude that social drinking at a low level is very unlikely to have a
harmful effect on the fetus.
The associations that we have observed between alcohol con-

sumption and outcome, though statistically and clinically signifi-
cant, are weak. Alcohol consumption alone accounted for no more
than 2-5% of the variation in any outcome variable (table V).
This was nevertheless substantially greater than that observed by
Kuzma and Sokol3 and Plant,'" who showed that alcohol con-
sumption explained 0-1% and 0 5%, respectively, of the variation
in their outcome variables. The small proportion of variation
explained by the alcohol variables results from the fairly small
numbers of heavy drinkers in the sample. Nevertheless, we would
advise women who are planning to become pregnant to limit their
alcohol consumption (beer in particular) to below 10 drinks/week.
We recommend that a short questionnaire on the quantity of

alcohol and the type of drink consumed before and during early
pregnancy should be included when taking the history of pregnant
mothers during their first contact with the maternity clinic. This
may be used to identify the high risk group, who may then be
offered health education. Education about the dangers ofalcohol for
the remainder is unlikely to be cost beneficial and is probably
unnecessary.
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